The intracellular esterases of 80 strains of Proteus and Providencia were analysed by the acrylamide-agarose zymogram technique using several synthetic substrates.
The intracellular esterases of 80 strains of Proteus and Providencia were analysed by the acrylamide-agarose zymogram technique using several synthetic substrates.
The esterase bands were classified in five main groups. The aA-esterase bands hydrolysed a-naphthyl acetate and were resistant or relatively insensitive to di-isofluoropropyl phosphate (DFP). The aB-esterase band hydrolysed both a-naphthyl acetate and a-naphthyl butyrate and were very sensitive to DFP. Both groups of esterase bands were inactivated by heat. The PA-and PB-esterase bands hydrolysed P-naphthyl acetate and were sensitive to DFP; these were distinguishable by the difference in their relative activity towards P-naphthyl butyrate and in their relative stability to heat. The a/?-esterase bands hydrolysed a-and P-naphthyl acetates and a-and /!-naphthyl butyrates; they were inactivated by heat and were sensitive to DFP.
The distribution of these esterase bands among the strains of Proteus and Providencia and their electrophoretic patterns established esterase profile types which correlate with the classification based on traditional bacteriological tests. The degree of inter-strain similarity in esterase pattern varied highly among species. The homogeneity of Proteus mirabilis and especially of Providencia stuartii contrasted with the heterogeneity of other species. This disparity suggests that the bacteria of the tribe Proteae have not the same degree of intra-specific differentiation in physico-chemical properties of esterases.
I N T R O D U C T I O N
Comparative studies of enzymes at the molecular level in enterobacteria were designed both to clarify the relationships between these organisms and to provide insight into the processes of molecular evolution and protein differentiation in bacteria (Bowman, Brubaker, Frischer & Carson, 1967; Baptist, Shaw & Mandel, 1969; Murphy & Mills, 1969; Cocks & Wilson, 1972) .
The esterases (carboxylic ester hydrolases, EC. 3 . I. I . ), which represent a broad spectrum of enzymes with common esterolytic activity but with distinct substrate specificity and electrophoretic properties, seemed suitable material for these investigations. Preliminary research revealed that representative species of Enterobacteriaceae had differences in the specificity and electrophoretic mobility of their esterases (Goullet, 1971) . The Escherichia coli esterases were recently characterized by the zymogram procedure (Goullet, I 973 ). This report is concerned with the characterization and distribution of esterase bands in Proteiis and Providencia. 
Esterme zymograms of Proteus and Providenciu 99 M E T H O D S
Bacteria and growth conditions. The 80 strains of Proteus and Providencia listed in Table I were inoculated in Fernbach flasks containing 500 ml L broth (Lennox, 1955) without glucose. Flasks were incubated at 37 "C in a reciprocating water bath shaker (Monod & Lapierre model, Etablissement Lecourt, Guyancourt, 78 France) at about 70 oscillations/min. Each strain was cultivated at least twice.
Preparation of extracts, heat denaturation, inhibition by di-iso-JEioropropyl-phosphate (DFP) and protein estimation were as described previously (Goullet, 1973) .
Electroplioresis. Horizontal slab acrylamide-agarose gel electrophoresis was performed using 7 % (w/v) acrylamide and discontinuous tris-glycine buffer pH 8.7 (Uriel, 1966) .
To compare relative mobilities the bacterial extracts were inserted side by side into the same gel and in some experiments the order of the extracts was changed. Bromophenol blue was the marker dye. The extracts were subjected to a constant voltage gradient of 7 V/cm until the marker dye had travelled 13 cm. The M , value was the ratio (%) of the distance moved by the esterase band to the distance moved by the dye front.
Esterase staining. The method of Uriel (1961) was employed. The substrates (0.2 mg/ml) used to detect and differentiate between the various zones of esterase activity were anaphthyl acetate, a-naphthyl butyrate, P-naphthyl acetate and /?-naphthyl butyrate (Sigma). Naphthanil diazo blue B (Dajac Laboratories, Philadelphia, Pennsylvania, U.S.A.) was the dye coupler.
R E S U L T S

Esterase band difcrentiation by acetyl esters
All the strains examined possessed at least one anodal band of strong esterase activity. Three main types of esterolytic activity were distinguished by the extent of hydrolysis of acetyl esters : (i) a-esterase bands hydrolysing preferentially a-naphthyl acetate; (ii) /?-esterase bands hydrolysing preferentially /I-naphthyl acetate ; (iii) a/?-esterase bands degrading both 2-and /?-naphthyl acetates (Fig. I) .
Proteus idgaris
Two characteristic esterase bands were defined (Fig. 2 a) . The a-esterase band hydrolysed both a-naphthyl acetate and x-naphthyl butyrate. It reacted weakly with /I-naphthyl acetate. This esterase was inhibited by DFP ( I O -~ M) and inactivated after 10 mjn at 60 "C. The /?-esterase band hydrolysed both /I-naphthyl acetate and P-naphthyl butyrate. It reacted very weakly with a-naphthyl acetate. This esterase was inhibited by I O -~ M-DFP and showed residual activity after 10 min at 60 "C. The a-and /3-esterase bands were clearly visible in the 12 strains (Fig. 2b) except strain 4 where the a-esterase band was only faint. The a-and fl-esterase bands showed several types of electrophoretic mobility. Except for strain I, all z-esterase bands migrated faster than P-esterase bands. In Fig. 2 b the strains are arranged in order of increasing mobility of the /I-esterase bands. x-Esterase bands range from M , z 58 to M , N" 73 and /3-esterase bands from MF s 52 to M F M 67.
Pro teirs n? irab ilis The strains of P. mirabilis were characterized by one set of a-esterase bands and a single /I-esterase band (Fig. 3 a) . The three a-esterase bands hydrolysed almost only a-naphthyl acetate; the slowest-moving band was the most active. All bands disappeared after 10 min at 60 "C but remained active in the presence of M-DFP. The a-bands from different strains showed either fast or slow migration (Fig. 3b) . Compared with the slow pattern, the three components of the fast pattern are displaced in a parallel fashion towards the anode. The p-esterase band has characteristics similar to those of P. idgaris. All /%esterase bands of P. mirabilis strains exhibited electrophoretic uniformity ( M F x 48).
Proteus morganii This was characterized by very strong esterase activity, principally located in a set of ap-esterase bands which hydrolysed a-naphthyl acetate, a-naphthyl butyrate, P-naphthyl acetate and P-naphthyl butyrate (Fig. 4u) . The slowest-moving band was the most densely coloured with each substrate. All bands were inactivated after 10 min at 60 "C and inhibited by I O -~ M-DFP. One a-esterase band ( M , E 92) with two narrow anodic components exhibited activity only with a-naphthyl acetate. This band was inactivated by heat and partially inhibited by I O -~ M-DFP. Finally, one diffuse and slower-migrating band (Mfl z I 6) reacted weakly with P-naphthyl acetate. Electrophoretic variations of a/j-esterase bands were observed (Fig. 4b) .
Proteus rettgeri In typical cases, P. rettgeri shows two major bands, the a-esterase band and the p-esterase band, and one set of minor bands (Fig. 5a ). The major a-esterase band hydrolysed both a-naphthyl acetate and a-naphthyl butyrate and reacted weakly with P-naphthyl acetate. This esterase was inhibited by I O -~ M-DFP and inactivated after 10 min at 60 "C. The P-esterase band migrated more slowly than a-esterase and hydrolysed p-naphthyl acetate. It was weakly active towards 1-naphthyl butyrate and relatively stable at 60 "C. The 103 a-esterase minor bands consisted of a set of components hydrolysing a-naphthyl acetate and inactivated by heat. Each variety of esterase bands showed several types of mobility (Fig. 5b) . The major a-esterase band was not detected in strains 37, 41 and 43. No biotype pattern was noted. Figure 6 illustrates the different behaviour of the /I-esterase bands of P. vulgaris and P. rettgeri. Pro 11 ide n c ia alcalifac iens In typical cases four distinct bands may be recognized (Fig. 7a) . The up-esterase band was broad and intensely coloured. Its hydrolytic activity was similar to that of P. tnorganii; it was inactivated after 10 min at 60 "C and inhibited by I O -~ M-DFP. The fast-moving a-esterase band ( M p z 92) was weak and presented characteristics similar to the corresponding band of P. morganii. The other a-esterase band (IMP E 65) was more visible and hydrolysed both a-naphthyl acetate and a-naphthyl butyrate. It was inactivated by heat and was inhibited by I O -~ M-DFP. The fl-esterase band was apparently similar to that of P. rettgeri; it was detected in all strains except strain 63 and showed two main types of mobility (Fig. 7b) . Considerable variations were observed both in the number and in the electrophoretic mobility of other esterase bands : the fast-moving a-band is often undetected and the slower a-band showed several types of mobility; the ap-esterase band was detected in only six strains and two bands were observed in strains 56 and 61.
Pro ridencia stziartii
Two major bands of a-and /j-esterases and one or two minor bands were found (Fig. 8a) . at 60 "C but remained active in the presence of I O -~ M-DFP. The /I-esterase band (ME" FZ 50) presented characteristics corresponding to those of P. rettgeri and Prov. alcalfaciens. One very fine minor band reacting with x-and P-naphthyl butyrates was observed. Finally, one diffuse cathodal band reacted with cc-and P-naphthyl acetates. A striking feature was that all the a-and the /3-esterase bands presented electrophoretic uniformity with respect to one another (Fig. 8b) . To confirm these results, the extracts of strains 67, 69, 73, 77, 78 and 80 (for details of their origins see Table I ) were analysed by acrylamide-agarose electrophoresis in a citrate phosphate buffer system p H 7 (Cocks & Wilson, 1972) . Under these conditions the a-and p-esterase bands also presented electrophoretic uniformity (a-bands, M , z 46; P-bands, M F z 27). Thus despite distinct biotypes and origins, the Prov. stuartii strains appeared practically identical in terms of the a-and /3-esterase band mobilities.
D I S C U S S I O N
The results obtained by acrylamide-agarose gel electrophoresis and subsequent enzyme staining of extracts from 80 strains of Proteus and Providencia demonstrated different types of esterase bands.
On the basis of their differential hydrolytic activity, their sensitivity to heat or to DFP and their electrophoretic pattern, a preliminary classification may be proposed (Table 2) . The a-esterase bands which hydrolyse cc-naphthyl acetate preferentially and are inactivated by heat may be clearly separated into two principal groups: (i) the aA-esterase bands which have a very weak activity or no detectable activity towards a-naphthyl butyrate and 106 PH. G O U L L E T which are resistant or relatively insensitive to DFP; (ii) the aB-esterase bands which possess strong activity towards a-naphthyl butyrate and are highly sensitive to DFP.
The P-esterase bands preferentially hydrolysing P-naphthyl acetate and inhibited by IO-~M-DFP may also be divided into two groups: (i) the PA-esterase bands which react weakly with P-naphthyl butyrate and remain relatively stable after 10 min at 60 "C; (ii) the PB-esterase bands which are more active towards P-naphthyl butyrate but less heatstable.
The aP-esterase bands of P. morganii and Prov. alcalifaciens show a high and broad hydrolysing activity. Under the experimental conditions employed these two esterase bands are indistinguishable by their specificity and by their heat and DFP sensitivity but they differ by electrophoretic pattern.
Major esterase band profiles permitted species identification of P. vulgaris, P. mirabilis, P. morganii and Prov. stuartii. It is more difficult to differentiate between P. rettgeri and Prov. alcalifaciens when the ap-esterase band of this latter organism is not detected. Separation could be made eventually by comparing esterase band mobilities and by examining some fainter bands.
The intra-species similarities of esterase patterns vary considerably. The homogeneity of P. mirabilis and especially of Prov. stuartii contrasts with the heterogeneity of other species. This disparity suggests that the bacteria of the tribe Proteae have not the same degree of intra-specific differentiation in physico-chemical properties of esterases.
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